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INTRODUCTION

In 1991, the U.S. Geological Survey (USGS) began a full-scale National Water-Quality Assessment (NAWQA)
program to describe the status of and trends in the quality of the Nation’s water resources, and to provide a scien-
tific understanding of the primary natural and human factors that affect water quality. The NAWQA program con-

Land use in the Las Vegas Valley (fig. 3) was 79 percent range, 14 percent forest, 5 percent urban, 1 percent
open water and wetlands, and 1 percent barren (U.S. Geological Survey, digital data, 1973-83, 1:25,000). Figure 4
shows the Las Vegas urban area further divided into commercial, residential, irrigated (includes parks and golf cours-

Pesticides detected during the study are listed in table 7. In the Las Vegas urban area, prometon was the most
frequently detected pesticide. Prometon was detected in water samples from sites 13, 16, 18, 25, and 26. The draft
HA Tor prometon is 100 ug/L. Atrazine and simazine were the second and third most frequently detected pesticides
with three detections of atrazine and two detections of simazine. All detections were well below the final MCL'’s for
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sists of 60 of the Nation’s most important river basins and aquifer systems, referred to as study units. These study es), industrial and utilities, lake and open water, and vacant and rural land uses (Las Vegas Valley Water District, digi- ct ‘ . ' -
units represent a large part of the Nation’s water use and population served by public supplies. In 1991, the Nevada tal data, provisional, 1993, 1:24,000). tl?e'se two pesticides (3 and 4 pg/L, respecjﬂvely). Prometon, atraglne,'and simazine are water-soluble triazine her- = 36° 15' 00"
Basin and Range (NVBR) was among the first 20 NAWQA study units selected for investigation under the full-scale bicides used for crop and noncrop applications. They are used primarily for pre-emergent and early post-emergent
ol . - : : : EXBLAL e trol of d broadleaf weeds (Jordan and Cudney, 1987, p. 23; Meister Publishing Co., 1991, p. C24)
implementation plan. The NVBR NAWQA study unit consists of three drainage basins, the Las Vegas Valley area in BTl alata e control of grass and broadleaf weeds (Jordan and Cudney, , p. 23; Meister Publishing Co., , P- ' -
southeast Nevada, and the Carson and Truckee River Basins in northwest Nevada and northeast California (see inset i - t
map, fig. 4). NAWQA studies will provide nationally consistent information that can be integrated to describe the ange (79 percent)
quality of the Nation’s water resources, define the conditions and trends in water quality, and identify, describe, and - Forest (14 percent)
explain the major factors that affect observed water—quality conditions and trends. ! Formal hydrographic areas in Nevada were delineated systematically by the U.S. Geological Survey and Nevada Division of Water Resources in the late L
- Urban (5 1960's for scientific and administrative purposes (Rush, 1968; Cardinalli and others, 1968). The official hydrographic area names, numbers, and geographic L
. tban (5 percent) boundaries continue to be used in Geological Survey scientific reports and Division of Water Resources administrative activities. S‘ ; -
As part of the NVBR NAWQA program, a network of 32 monitoring wells (fig. 4) was established to evaluate . ot antwetlande (1 t L:j élg I T— /
the effects of urban land use on shallow grOUﬂd-Water quality in the Las Vegas urban area. The networ.k consists of e waorensElands {1 geteam) 2 Any use of trade names in this publication is for descriptive purposes only and does not constitute endorsement by the U.S. Government. o E9:2§ Sink ¢
wells completed just below the water table. Water sampled from these wells is the ground water most likely to show E‘ T Z‘I%
contamination from sources at the land surface (Squillace and others, 1995, p. 3). These wells are not used for REFERENCES CITED iy
drinking-water supplies. |
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This report presents water-quality and ancillary data for shallow ground-water samples collected in t e Las 4,810, 14, 20, 22, and 32 were installed and developed by NVBR NAWQA project personnel in August 1993. L \ . \ )
Vegas urban area during August 1993. The ground-water samples were collec.ted by NVBR _NAWQA project per- All new wells were installed according to NAWQA protocols (Hardy and others, 1989). These wells were drilled Emett, D.C., Hutchinson, D.D., Jonson, N.A., and O’'Hair, K.L., 1994, Water resources data, Nevada, water year 1993: U.S. Geological = \'i. 36:30' _|/~ : o
sonnel for use in assessing the effects of urban land use on ground-water quality. The sampling netyvork conisteljl é)f using continuous-flight augering techniques without the use of drilling fluids. To avoid contamination during drilling, Survey Water-Data Report NV-93-1, 596 p. e Ny M \\/ N 4
32 monitoring wells; 25 are existing monitoring wglls maintained by the Las VegasAValleX Wat'er Plcsj?ld tor th ed = the auger flights and bit were pressure washed! between sites. Casing and screen material consi§ted of Fhreac.led, Fishman, M.dJ., and Friedman, L.C., eds., 1989, Methods for determination of inorganic substances in water and fluvial sediments (3d ed.): ik ‘
Geological Survey and the remaining 7 wells were installed as part of the NVBB N WQ_ project. Lumate, Nyaro schedule-40 polyvinylchloride (PVC). The well screens and casing were pre-cleaned and sealed in plastic until U.S. Geological Survey Techniques of Water-Resources Investigations, Book 5, Chap. A1, 709 p. 2,420 .
ogy, population, land use, and water use of the Las Vegas Valley also are described herein. installed. Wells were screened within 50 ft of the ground surface except site 32, which was screened from 55 to ‘ H
60 ft. All new wells were developed by bailing and pumping; a minimum of 25 well-bore volumes of water were Garbaf*ino, /;I .Ri., zzlng Ta\j[zlor, H.E., 1?;39, An Sinducztigg-;oztgoled plasma atomic-emission spectroscopic method for routine water quality test- I
ing: Applied Spectroscopy, v. 33, no. 3, p. -226. B1 Wl
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work wells, and in the chemical analyses of water-quality samples. The Las Ve'gas b Al represerted Las Vegas Valley Water DSt EX.IStmg weha ivere ?eleded. to provide the best pos§1ble areal covgrage of the Las Garcia, K.T., 1989, Ground-water quality in Douglas County, western Nevada: U.S. Geological Survey Water-Resources Investigations Report N \\Q'Qrb q €
by Erin Cole, assisted in locating sites for installing monitoring wells and provided access to shallow ground-water Vegas urban area and to comply with NAWQA well-installation protocols, as determined from available well-con- 87-4269, 107 p. ) o -
monitoring wells. The City of Las Vegas and Clark County Parks and Recreation gave permission for installing mon- struction information, to the fullest possible extent. 1,060 l \ o B L v
itoring wells on properties that they administer. The USGS Corrosion by Wet Precipitation research group, led by Hardy, M:A., Leahy, P.P., .and Alley, W.M., 1989, Well installati(?n and documentati.on, and ground-water sampling protocols for the pilot m . 0 E N ZKLONETERS.
Michael Reddy with assistance from Scott Charlton and Charmaine Gunther, collected and analyzed ground-water Sample Collection and Analysis National Water-Quality Assessment Program: U.S. Geological Survey Open-File Report 89-396, 36 p. e L e
samples for major, minor, and trace inorganic constituents. Glensd?\]BrOéang f thetUSGS Naltllzn%l Vya;er C_)uailty Lab- Harrill, J.R., 1976, Pumping and ground-water storage depletion in Las Vegas Valley, Nevada, 1955-74: Nevada Division of Water [ S m—g - [h- ~ Index map sho i gcdar ‘ geLbaaSS S 'gsl\fﬁg:ﬁaa?;:'gl ;}'Li?e%n%e o |
Oratory aSSISted n the COlleCtlon Of ground water Samples. USG . eva : a IStr%C personne X BasL enl’:ll g Wells were Sampled accordlng to protocols developed for the NAWQA program (Hardy and O’[hers’ 1989) Resources, Bulletin 44, 70 P. N\ N ) B e ; e
Ronald Collins, Armando Robledo, and Arthur Johnson assisted in the installation and sampling of monitor wells. Pri fic lls. standi tor 1y e cush rernomed bomuraing st loast hreeiellbore volimes Nl - s
rior to sampling the wells, standing water in the casing was oV v pu 9 g 5 : Hem, J.D., 1985, Study and interpretation of the chemical characteristics of natural water (3d ed.): U.S. Geological Survey Water-Supply - ﬁ | ;
of water. All water samples were pumped to the surface by a bladder pump with Teflon” and Teflon-coated delivery Paper 2254, 283 p. =3 - i
Geographic Setting materials. Water temperature, pH, dissolved oxygen, and specific conductance were monitored during purging using 36° 11' 15" \ e 1
a flow-through chamber to reduce contact of the sample with the atmosphere. Samples were not collected until Hoffm?n,tl)%.; s Hallgck, Rt.J ., Fjobwe, T6., Lict:oc,I Mi Bur%e, I—(IiL and Thorr(ljpson, Stll)l 1993\,/ Ecle?or;/rllaissance inv;stiga’zi;n ofhv;/laéer qual- ;— I = - ' 36° 11' 15"
2 . ; ' Ry ity, bottom sediment, and biota associated with irrigation drainage in and near Stillwater Wildlife Management Area, Churchill County,
The Las Vegas Valley area encompasses 1,640 mi” in southeastern Nevada. Altitudes range from about these properties stabilized. Novada, 1986-87: 1.5, Geblogical Survey Water-Resaiiroes Investigations Repott 89-4105, 150'p.
11,900 ft above sea level in the Spring Mountains in the west to about 1,200 ft where Las Vegas Wash enters :
Lake Mead. The valley trends northwest to southeast and is approximately 50 mi long and 30 mi wide. Quality-assurance samples including duplicates, equipment blanks, trip blanks, spikes, and spiked replicates also Jordan, L.S., and Cudney, D.W., 1987, Herbicides, in Biggar, J.W., and Seiber, J.N., eds., Fate of pesticides in the environment: Oakland, i e ) | — - a5 2
were collected and analyzed. Analytical results of the quality-assurance samples and a complete list of water-quality Calif., University of California, Division of Agriculture and Natural Resources Publication 3320, p. 19-24. ] T G
The climate of the Las Vegas Valley area varies from subhumid continental at higher altitUd?S in th? Spri}ng constituents and properties included in the sampling program were compiled in the 1993 water-resources data La Camera, R.J., and Westenburg, C.L., 1994, Selected ground-water data for Yucca Mountain region, southern Nevada and eastern Califor- — E
Mountains, where average annual precipitation exceeds 20 in., to low-latitude desert at lower altitudes, 1r1cludmg the report for Nevada (Emett and others, 1994, p. 583-588). nia, through December 1992: U.S. Geological Survey Open-File Report 94-54, 161 p. —
Las Vegas urban area where average annual precipitation is about 4 in. (Speck, 1985, p. 3). Most rain falls during o . G (=g P 0200 SRS = 3
December through March. Summer thunderstorms of short duration and high intensity can cause l(?cal flooding and Major and trace-constituent samples were collected in cooperation with the USGS Corrosion by Wet Precipita- Loeltz,sgbi lylpii?;r ?g%ugnjgwc’i\f;; conditions in the vicinity of Lake Mead Base, Las Vegas Valley, Nevada: U.S. Geological Survey Water-
erosion. Intense rain storms are possible in any season and can produce torrents of water and debris. tion research group (CWP). These samples were analyzed by the CWP research group in Boulder, Colo., with the e L o L
exception of aluminum, arsenic, chromium, and selenium at sites 16, 18, 20, and 29, according to USGS protocols Malmberg, G.T., 1965, Available water supply of the Las Vegas ground-water basin, Nevada: U.S. Geological Survey Water-Supply Paper g} %
In Las Vegas for 1981-91, the average monthly summer temperature maximum was 102°F and the minimum (Skougstad and others, 1979; Garbarino and Taylor, 1979, 1980; Crock and Lichte, 1982; Fishman and Friedman, 1780, 116 p. .
o . . o 1Ai o i t- ’ v . 1 g 1 =
was 70°F, and the average monthly winter temperature maleur.n oy 5.9 3 .and the minimum was 33°F. The fros 1989, We.ISCh and others, 19.90’ Roth, 1394; .Brmton and Ot.hers’ 1995). The exceptions no‘t ed above bl Maxey, G.B., and Jameson, C.H., 1948, Geology and water resources of Las Vegas, Pahrump, and Indian Spring Valleys, Clark and Nye %
free period averages about 240 days in the valley (data from National Climatic Center, 1982-92). lyzed by either the USGS National Water-Quality Laboratory in Arvada, Colo., or the Geologic Division Branch of Counties, Nevada: Nevada Statte Enginesr, Water Resonsees Bolletin 5, 202 p. =
Geochemistry in Lakewood, Colo. Analytical results reported as “dissolved” were determined from samples filtered 5o
Hydrologic Setting through 0.45-micron membranes for samples analyzed at the USGS National Water-Quality Laboratories and 0.10- Meister Publishing Company, 1991, Farm chemicals handbook: Willoughby, Ohio, Meister Publishing Company, 770 p. L 1 .
v g micron membranes for samples analyzed at the CWP research group laboratory. Analytical results of quality- . o ~— | \ ’
d qualitu-control samples analyzed by CWP research group are available from their project R Morgan, D.S., and Dettinger, M.D., 1996, Ground-water conditions in Las Vegas Valley, Clark County, Nevada, Part Il, Geohydrology and e :
The NVBR NAWQA Las Vegas Valley area includes the Las Vegas Valley Hydrographic Area andzpart of the ?SSElSJ:)iTg:ragol?)u upyon o p 4 J group proj i simulation of ground-water flow: U.S. Geological Survey Water-Supply Paper 2320-B, 124 p. A1 e emon OO ‘
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Blaf?k Moumalljls HydroQYaphlc Area'. Major a'quercsl In th'e Las‘ Veg.&lls Vfalley areal%ri“él di ts (Harrill, 1976 National Climate Center, 1982-92, Climatological data, annual summary, Nevada, 1981-91: U.S. National Oceanic and Atmospheric A3
basin-fill deposits that are thousands of feet thick and consist primarily o unconsolidated se imen ' W e Giahu lides. pesticides. major constituents sites 22 and 27), and volatile organic com- Adiiisistration, v. 96-106, hio. 13 ipublidhied anmually). B1 ! :
p. 7). Most ground water flows from recharge areas in the Spring Mountains, in the northwest part of the valley, to nalyses of nutrients, radionuciides, p » 02 ' ) g
alley (Loeltz, 1963, p. Q5). pounds were made by the USGS National Water-Quality Laboratory using USGS approved methods (Thatcher and Rose, D.L., and Schroeder, M.P., 1995, Method on analysis by the U.S. Geological Survey National Water Quality Laboratory—Determina- ; T
the southeast through Las Vegas Valley ’ + P ¢ : f I
others, 1977; Wershaw and others, 1987; Fishman and Friedman, 1989; Rose and Schroeder; 1995; Zaugg and tion of volatile organic compounds in water by purge and trap capillary gas chromatography-mass spectrometry: U.S. Geological I‘ =
i ini ite using the protocol described by Shelton (1994). 5 Open-File Report 94-708, 26 p. L —
Descriptions of aquifers in the Las Vegas Valley are based on reports by Maxey and Jameson (1948), Malm- others, 1995). Field analyses of alkalinity were made on site using the protocol descrived by on | ) R SReI=S P B : i | | . e
berg (1965), Harrill (1976), Dettinger (1987), and Morgan and Dettinger (1996). In the valley, four aquifer zones Roth, D.A., 1994, Ultratrace analysis of mercury and its distribution in some natural waters in the United States: Fort Collins, Colorado State ' / | L ﬁ r I —
have been described: (1) shallow (perched) aquifers, (2) near-surface aquifers, (3) principal aquifers, and (4) deep DISCUSSION OF RESULTS University, unpublished Ph.D. dissertation, 309 p. Al B : | E
aquifers. Confined and unconfined conditions are present locally in all aquifers. . . Shelton, L.R., 1994, Field guide for collecting and processing stream-water samples for the National Water-Quality Assessment program: A2 > i —{
None of the shallow wells sampled in the: Las Vegas urban area as part of this study are used as sources of U.S. Geological Survey Open-File Report 94-455_ 42 p. B1 N

Water-quality data presented in this report were collected from the shallow aquifers described by Harrill (1976,
p. 26). These aquifers, which have developed from secondary recharge due to excess landscape irrigation, are
described as about the upper 20-50 ft of saturated sediments where the water table is within about 20 ft of the land

drinking water. Nonetheless, comparisons of data on ground-water quality with drinking-water regulations serve
primarily to provide an indication of the general quality of shallow ground water in the study area. Water that meets
drinking-water regulations generally is considered to be of good quality and suitable for most beneficial uses

Skougstad, M.W., Fishman, M.J., Friedman, L.C., Erdman, D.E., and Duncan, S.S., 1979, Methods for the determination of inorganic
substances in water and fluvial sediments: U.S. Geological Survey Techniques of Water Resources Investigations, Book 5, Chap. A1,

=

o 229 p. -
surface. Shallow ground water discharges (1) to Las Vegas Wash and its tributaries, (2) by evapotranspiration, and (La Camera and Westenburg, 1994, p. 35). p J milJ
(3) possibly by downward percolation to deeper aquifers. Smith, J.A., Witkowski, P.J., and Fusillo, T.V., 1988, Manmade organic compounds in the surface waters of the United States—A review of 14 . ! (5 2 ) —

Drinking-water regulations are defined by the U.S. Environmental Protection Agency (USEPA) to ensure that current understandings: U.S. Geological Survey Open-File Report 87-209, 182 p. A - o § r
_ _ . ] - . . 4 o . . e . i | B
Ground water near the water table tends to have higher concentrations of dissolved solids than deeper ground safe dnpkmg wat?r is supplied to the public. Wgter qqahty regulzfltlons referenc?ed in the followm,g dlszussmnl.e;tnc! P Speck, S.M., 1985, Soil survey of the Las Vegas Valley basin, Nevada part of Clark County: U.S. Soil Conservation Service, 194 p. A2 L] J ] [I ﬁ
water everywhere in the valley, with the exceptions of the northern and western edges of the valley where the sented in table 1 include proposed, draft, and final primary maximum contaminant levels (MCL's) and adult lifetime B1 | — 5 |
chemistry of the water appears similar regardless of depth (Dettinger, 1987, p. 32). The quality of public water- health advisories (HA’s). These regulations are emphasized (fig. 4) because they have human-health implications. Squillace, P.J., Pope, D.A., and Price, C.V., 1995, Occurrence of the gasoline additive MTBE in shallow ground water in urban and agricul- — i - Q
supply sources in deep principal aquifers may be threatened by current hydrologic conditions that have created the Only the final MCL's are enforceable for public water-supply systems. Secondary maximum contaminant levels tural areas: U.S. Geological Survey Fact Sheet FS-114-95, 4 p. - |
e d d leak f water from shallow aquifers. Declining water levels in principal aquifers caused (SCML’s) are aesthetic-based levels that are enforced by the State of Nevada for public water-supply systems (table e =N . . : Desert{lnnjRoad r
pOtentlal for downward leakage o water ir q * ; ’ . 1). SCML'’s if exceeded. may not cause health problems but may result in water that is unpleasant to diiril. The HA Thatcher, L.L., Janzer, V.J., and Edwards, K.W., 1977, Methods for determination of radioactive substances in water and fluvial sediments: 2,320 5 7
by withdrawals for public-water supplies, and the development of shallow aquifers, caused by excess landscape irri- 1. 8, » FRIBE] I Gtk P . e U.S. Geological Survey Techniques of Water-Resources Investigations, Book 5, Chap. A5, 95 p. Spring|Mountain{Road S B
ation. have created a downward hydraulic gradient. Although clay layers, which dried and compacted following is the maximum concentration in drinking water that is not expected to cause any adverse effects over a lifetime of pring od ] P
8 _’ . i . ; . the downward movement of poor-quality water from the shallow exposure, with a margin of safety (Squillace and others, 1995, p. 3). Thodal, C.E., 1992, Data on ground-water quality, Carson Valley and Topaz Lake areas, Douglas County, Nevada, for year ending Septem- 36° 07' 30" ik ] ’
water-level declines in principal aquifers, impede poor-q _ _ TRy o e A e L < , 1 TR\ @ \ e
aquifers, the potential exists for degradation of water quality in principal aquifers. The principal aquifers are most er : U.S. Geological Survey Open-File Repor , 44 'p: 13 : ‘
susceptible to degradation by mixing with shallow water around the margins of the valley where confining layers Information on well completion and oq—sﬁe measurements of water levels anq physmgl and chemlcz'al properties U.S. Environmental Protection Agency, 1996, Drinking water regulations and health advisories: U.S. Environmental Protection Agency, A1 — B b Bl l 26
are not present to impede downward movement and mixing (Dettinger, 1987, p. 18). of the ground water sampled are presented in table 2. These water levels and on-site physical and chemical proper- Office of Water, EPA-822-R-96-001, 16 p. A2 ) j
ties were measured on the same day and just prior to collection of ground-water samples for chemical analyses. A3 wash
p lati TR e Welsch, E.P., Crock, J.G., and Sanzolone, R., 1990, Trace-level determination arsenic and selenium using continuous-flow hydride generation B1 AT N
opulation and Urbanization tomic absorpti trophotometry, in Arbogast, B.F., Qualit | for the Branch of Geochemistry: U.S. Geological —_ : *
Dissolved-solids concentrations (calculated as the sum of dissolved constituents) ranged from 351 to 5,700 g‘fxz; %;zrrlpl:ll?: gg;g;ogo_%ggep%g;; R Clplify assiitanos MsRual 1eFiie BIRo Ol tacodiemisiny e B2 i F,?mm/go_ =
; ; i , i lly were lower in the northern part of the urban area and higher in g L. Flamingo]Road
Las Veaas Valley area was about 900,000 in 1993 (data from Nevada Department of mg/L (table 3 and fig. 4). Concentrations generally . a . ' 3,990 P
The pOPUI?tI(?n d th\f/thas t 5 th Ly Vegas Valley area (fig. 1) averaged nearly 70 percent in the 1970’s the southern part. Dissolution of minerals in most rocks and soils contributes to concentrations of dissolved solids in Wershaw, R.L., Fishman, M.J., Grabbe, R.R., and Lowe, L.E., 1987, Methods for the determination of organic substances in water and -5 S O
Taxation). Population gro rates In the Las veg v 8- > fi ial soulbural : he dissoluad- fluvial sediments: U.S. Geological Survey Techniques of Water-Resources Investigations, Book 5, Chap. A3, 80 p. o
and nearly 65 percent in the 1980’s (data from Nevada Department of Taxation and U.S. Bureau of the Census). ground water, although the presence of industrial or agricultural wastewater or sewage can increase the dissolve 15 > :
Urban activities can affect the quality of water resources. solids concerlt'ratio‘n of_water (Garcia, 1989, p. 40). Evapotranspiration also can concentrate dissolved solids in Zaugg, S.D., Sandstrom, M.W., Smith, S.G., and Fehlberg, K.M., 1995, Methods of analyses by the U.S. Geological Survey National Water :-;) n
ground water in arid climates (Dubrovsky and others, 1993, p. 547). The proposed MCL (500 mg/L) for sulfate, a Quality Laboratory—Determination of pesticides in water by C-18 solid-phase extraction and capillary-column gas chromatogra- >
1,000 [ [ | | l | l major component of the dissolved-solids concentration at most sites, was exceeded in water samples from all sites phy/mass spectrometry with selected-ion monitoring: U.S. Geological Survey Open-File Report 95-181, 49 p. LL@ L
’ except 1, 2, 5, and 6 (table 3 and fig. 4). e
900 — o 760
() Radon activities equaled or exceeded the proposed MCL (300 picocuries per liter) in 83 percent of the samples W&
% 800 - . analyzed (table 3 and fig. 4). Radon activities were lower than the MCL in samples from sites 2, 5, 7, 10, and 25. TropicanalAve . e
< . According to Hem (1985, p. 149), radon-222 is a soluble, naturally occurring radioisotope derived from radium in =%,
% Sqﬁrce' is Dobarirant of Texation - the solids of an aquifer (in a radioactive-decay series beginning with uranium-238). Uranium concentrations Table 1. Selected primary and secondary maximum contaminant levels for drinking o
O 700 evada Department of [ axatio exceeded the proposed MCL (20 HQ/L) in three of the five samples analyzed (table 3 and fig. 4). Samples from \Xater an?gagdeult lifetime health advisories (from U.S. Environmental Protection 2
E sites 18, 20, and 29 contained uranium concentrations of 35, 56, and 27 pg/L, respectively. The concentration of e ) ~ (g‘v [
600 — ok uranium in around water largely is controlled by the occurrence of uranium in rocks and soils, and redox conditions [Abbreviations and symbols: P, proposed; D, draft; F, final; ug/L, micrograms per liter; mg/L, N
pr g gely Q
; ' in water (I—Ioffman and others, 1990’ p. 38) milligrams per liter; pCi/L, picocuries per liter; U, under review; --, not available.] /\\0 L
Vil 15 L
9 500 = ) Primary maximum ~ Secondary maximum Adult lifetime health Tl \ l 1
:‘: Concentrations of nitrite plus nitrate equaled or exceeded the final MCL (10 mg/L as N) in samples from Conatituem °°’(‘;?1’3';‘g:;'s‘§"e' °°'z;"r‘]'3'ggt‘;;e)"e' it s()a"d / E
—J 400 f= B sites 7, 13, 16, and 30 (table 4 and fig. 4). According to Dettinger (1987, p. 36), nitrate concentrations in shallow - _ ]
E_) ground water of the Las Vegas Valley are spatially quite variable and probably related to local disposal of wastewater, H(K‘lgjgllicnsum 3 50-200 pg/L (F) B i ] Eﬁ?se'lll
8 300 [~ s lawn irrigation, and possibly the use of fertilizer in central parts of the valley. Arsenic 50 ug/L (U) o 2 {igi - | D X .
Barium 2,000 pg/L (F) _ 2,000 pg/L (F) L :
Berylli 4 ug/L (F - ~
200 [— w1 Among the determined trace elements (table 5), lead concentrations in samples from sites 6, 20, 25, and 29 Biﬁﬁnmm b () = 600 pg/L (D) . EXPLANATION
exceeded the final MCL of 15 pug/L (table 5 and fig. 4). Lead can be dissolved in small amounts from soils and rocks it 5 g/l (F) B 5 g/l (F) : and use |
100 iy containing minerals such as galena. Lead from the combustion of “leaded” gasoline also can increase concentrations Chloride - 250 mg/L (F) = e ] Vacant, rural Bl Industrial, utilities
5 0 [ of lead in ground water (Hem, 1985, p. 143-144). e MR L E Pk [ Residental B Irrigated area (includes park and golf
| | | A l opper - ;000 pg - o i ‘ -‘ ‘
0 ' , e _ Iron - 300 pg/L (F) - | Coinmaril course)
1920 1930 1940 1950 1960 1970 1980 1990 2000 Synthetic organic compounds classified as volatile organic compounds (VOC s) and pesticides are shqwn in Lead 15 pg/L (F) N B | Srme. f\‘;e ;35”9 L . EEE Lake o
YEAR tables 6 and 7, respectively. Only those organic compounds that were detected in at least one sample are included Manganese = 50 pg/L (F) - v 993,‘% ‘rox)isiohé G “ ;
in the tables. Concentrations of these organic compounds were below MCL'’s in all but one sample. Concentrations Molybdenum = = : 40 pg/L (D) I o ; L ‘_"_ . 0 _
Figure 1.—Population trend in Las Vegas Valley area, 1920-93. of the VOC’s tetrachloroethylene and trichloroethylene at site 9 exceed final MCL'’s (5 pg/L). Tetrachloroethylene Efrl;fi - 1(1)8 igg/}L ((FF)) - 100 pg/L. (F) o a{:ol: aﬁl?e;zt'i):src—erl\}ttj :1 b:'t; dri'cj;latleesq;:gilsetg:js'r‘l)?rt;:te:, and other water-quality i
Wi d Land U and trichloroethylene are frequently used as industrial solvents for dry cleaning and metal degreasing. Trichloroethy- I - e ‘ iape
et S lene also may form in ground water from degradation of tetrachloroethylene (Thodal, 1992, p. 28). Nitmz g 11\I§a o 1 gg L (F) . - - Lo " e . l
. ; rimary Maximum Contaminant Level exceede
. s : Selenium 50 ug/L (F) -- -- Cations Anions A1
Ground water was the main source of water for the area until 1971, when extensive importation of Colorado . ’ Selids, dissolved - 500 mg/L (F) __ _ ' (see table 2)
River water began. Water from Lake Mead on the Colorado River is provided for use in most of the valley by water- As part Qf the USGS NAWQA program, concen.tratlons Qf 60 VOC's were.anal.yzed for samples from 211 Sulfate 500 mg/L (P) 250 mg/L (F) - ‘ Sodium Chioride  B1 1 Sulfate e
distribution systems in Las Vegas, North Las Vegas, and Henderson. Total water use for the Las Vegas Valley area in shallow wells in 8 urban areas and 524 shallow wells in 20 agricultural aress nationwide. Chloroform and methyl Zinc - 5,000 ug/L (F) 2,000 ug/L (F) 36°03'45" [ 2 Radon or uranium (see table 3) — 45"’
1990 was about 317,000 acre-ft (James E. Crompton, U.S. Geological Survey, written commun., 1992). This tert-butyl ether (MTBE) were the two most frequently detected VOC’s (Squillace and others, 1995). Radionuclides . Bicarbonate plus 3 Nitrite plus nitrate (see table 4)
included all self-supplied withdrawals and public-supply deliveries. Of the 317,000 acre-ft of water used, about - %?:r?&m 338 PCKL(I(};) . - carbonate 4 Lead (see table 5) A1
80 percent came from Lake Mead. Public-water supplies accounted for about 91 percent of the water used (fig. 2). Phenols, chloroform, and MTBE were the most frequently detected VOC’s in the Las Vegas urban area. Phe- 1, He : » if . 5 Trichloroethylene and tetrachloroethylene A2
Self-supplied water for commercial and domestic purposes was about 4 percent of the total. Self-supplied water for nols were detected at 74 percent of the sites sampled at concentrations ranging frc?m 1 ug/L to 4 ug/L (table Q. O‘ii?;‘;isne 3 gL () ~ e b e St \  (see table 6) e
industrial and mining use was about 3 percent of the total. Self-supplied water for irrigation and agriculture was The draft HA for phenols is 4,000 ug/L. The analysis of phenols is a gross analysis of total phgnol 'concentra.h.on. = p— 5 pall {F) ~ - : ‘Conéeh’tratio:w of“di‘sso‘lved i B Synthetic organic compound detected | B1
about 2 percent of the total. Phenol is primarily an industrial chemical used in the production of compounds such as phenolic resins, germicides, Chlorodibromoethane  #100 pg/L (F) = - d in milligrams per mers o 1 Volatile organic compound (see table 6
pharmaceuticals, fungicides, dyes, herbicides, plastics, explosives, antiseptic throat lozenges, and skin medications Chloroform 4100 pg/L (F) == - e p e 6)
(Smith and others, 1988, p. 44). Dichlorobromoethane 4100 pg/L (F) - - 2 Pesticide (see table 7)
EXPLANATION ’ ’ Dichlorodifluoromethane = - 1,000 pg/L (F) @ Shallow ground-water monitoring well
P Methyl tert-butyl ether - -- £20-200 pg/L (D) 3 :
siiiie TR _ Chloroform was detected in water samples from 72 percent of the sites (table 6). Concentrations ranged from Phenols = - 4,000 pg/L (D) - T T m Y I —— e . u
Se(le-SpueFti)gﬁ%, irrigation and agriculture the reporting level of 0.2 ug/L to 12 pg/L, which are below the final MCL of 100 pg/L. Chloroform is a trichloro- Prometon = N 100 pg/L (D) 115° 11' 15" o 47" 2O" Al
Seft-suppled, indusirial and mining purposes methane (THM). Some uses include the manufacture of fluorocarbon refrigerants, propellants, plastics, anesthetics, 1’.1'D1.Ch1°r°ethylene Tpel® . 7hgl () Base from U.S. Geological Survey digital data, 1:100,000, 1978-87 115°07' 30 115° 03" 45" A2
(3 percent) and pharmaceuticals. Chloroform also can be produced inadvertently during the chlorination of water supplies or ilf;latzﬁﬂfmn 4ug/L (F) = 50?) Mg/ﬂ]: Eg o a1 SE g4 a8 i) ailan A5 B A3
o : G . " . ebuthi — - ) .
Self-supplied, commercial and domestic use when chlorine combines with dissolved organic carbon in water (Thodal, 1992, p. 25). Thtzachloroetinylers 5 ug/l (F) - - He SCALE 1:35 000 g;
(4 percent) 1,1, 1-Trichloroethane 5 ug/L (F) - . ; " MILES g )
Public supplied (91 percent) MTBE was detected in samples from sites 10, 17, 20, and 22 (table 6). The concentrations of MTBE in sam- Tjshlcssethydens 5 pglL (F) . - e e e R 18 19
ples from the urban area were all below 20 ug/L, the draft HA. MTBE is a compound made from methanol that is ) . . ‘ . A1 1 0 LomETEL et 3 A1
used to increase the octane of gasoline and improve air quality in urban areas. Sources of MTBE releases into the - IT(i)es:ng‘cals are trihalomethanes (THM); tofal concentration for combined THM camnot ‘B\f ETERS A2
environment are not well quantified, but leaking underground storage tanks and spills at the land surface are known b1 MTBE is classified as a carcinogen, lifetime health advisory will be 20 pg/L; otherwise it will B1
sources of MTBE contamination (Squillace and others, 1995). be 200 ug/L.

Figure 2.—Water use in Las Vegas Valley, 1990.

Table 2. Selected well-completion information, water levels, and on-site measurements of physical and chemical

[ = i i b a i i H 1 1 . . .
properties of water from shallow ground-water monitoring wells, Las Vegas urban are Figure 4.—Map showing location of shallow monitoring wells, land use, and selected water-quality characteristics for shallow ground-water samples collected from Las Vegas urban area, Nevada, August 1993.

USGS site identification number: Standard site identification is based on grid system of latitude and longitude. Number consists of 15
digits. First six digits denote degrees, minutes, and seconds of latitude; next seven digits denote degrees, minutes, and seconds of longitude;
and last two digits (assigned sequentially) identify sites within 1-second grid. For example, site 361425115061901 is at 36°14'25” latitude
and 115°06°19” longitude, and is first site recorded in that 1-second grid. Assigned number is retained as permanent identifier even if more

precise latitude and longitude are later determined.

Table 4. Dissolved nutrients and organic carbon in water samples from shallow ground-water
monitoring wells, Las Vegas urban area. Analyses by U.S. Geological Survey, National Water

Table 3. Major ions, dissolved solids, and radionuclides in water samples from shallow ground-water monitoring wells, Las Vegas urban area. Analyses
Quality Laboratory, Arvada, Colo.

by U.S. Geological Survey, Corrosion by Wet Precipitation Research Laboratory, Boulder, Colo., except as noted Table 7. Dissolved pesticides detected in water samples from shallav

ground-water monitoring wells, Las Vegas urban area. Analyses by U.S.
Geological Survey, National Water Quality Laboratory, Arvada, Colo.

Table 6. Volatile organic compounds detected in water samples from shallow ground-water monitoring wells, Las Vegas urban area. Analyses

Total depth of well: Sources of information are drillers’ logs (on file at Nevada Division of Water Resources or U.S. Geological Survey, | |
by U.S. Geological Survey, National Water Quality Laboratory, Arvada, Colo.

Carson City, Nev.). Table 5. Dissolved trace elements in water samples from shallow ground-water monitoring wells, Las Vegas urban area. Analyses by U.S. Geological Survey, Corrosion by Wet

[Alkalinity, carborate, and bicarbonate were measured in the field. Abbreviations and symbols: mg/L, milligrams per liter; Lg/L, micrograms per liter; pCi/L, picocuries per liter; --, not c - L
Precipitation Research Laboratory, Boulder, Colo., except as noted

determined or, forcarbonate, not detected]

[Abbreviations and symbols: mg/L, milligrams per liter; <, less than]

[Specific conductance, pH, water temperature, and dissolved oxygen were measured in the field. Abbreviations and symbols: °C, degrees oo s T oo gt ot et ol fodetisn

[Abbreviations and symbols: pg/L, micrograms per liter; --, not determined; <, less than]

Celsius; mg/L, milligrams per liter; uS/cm, microsiemens per centimeter at 25 degrees Celsius; --, not determined] ) e, . E Solids, ] ] Uranuim Nitzogen, ] ] Nitrogen, Ortho- [Abbreviations and symbols: ug/L, micrograms per liter; --, not determined; <, less than]
; d Wat Specific Water Site Caloium sium Sodium, . Patasshim, Alkalinity Bicarbonate, Carbonate dSulfe;te,d g h|°r|'deé dissolved Slollgs, s f Rgggn- (natural) Site nitrite + Nitzagen, Hitragen, ammonia + phos- Phos- Carbon, Chi Dichl Dichl
E er i ) i i ’  di i . 1 ; ; : . itri i . i : . : : ; . x = i oro- i - Di E i - - -di- ~Tri- i- i- -
Site USGS site Lar;clit;:;?ce J:;f:. Siﬁ::\r/‘; Date Ieavel cgndu - e temper- d?:ga::a Hio. dlf;t;l/\{‘ed dissolved dl?:::;ll‘l,.ed dl?::;/\ll-ed (g'gél{) | (T|gc/(|5 ) (mé;(/)L) '?::;/‘{_e '(s::;/‘{_e resnduetlona sgo‘:lestitil::t: total® dlS(SOl)ILEda (f_no.4 ) r(ntra/tf '("';rg;t/f_ anzmg;\l-la o;‘gal;ll_c p(hor;:Ls p(hr:;;xl_s °(rgg;|'_° Site A(lurr/rll.num (Ars/inlc, (Bc)/[on (Ba)r;;_um B(er\;:llum C(ad;tlum C(hro/||1_1|um (Co/lln-alt (Cozf)er : lr/c;_n ( Lela:d Lithium Manganese Molybdenum Nickel Selenium Strontium Vanadium  Zinc S';e Benzene dibromo- Chloroform l;(r:on‘:;? dliflu:::- 1’1't||)1'°|h'°r°' Mer:lhylzne NItee!trl't‘y l Phenols c1r-1e|:>rrao- 1,2c}-\122:-dl 1&:1]1031 ch-lroﬂror- Tr;lﬁgl'gto Site
no. identification ” ture (fig. 4) (mg/L as CaCO;)  as HCOg as COg evaporation i it ig. mg mg mg no. pg/lbas (ng/lbas (ug/Las (ug/Las (ug/Las (ug/Las (ug/Las (ug/Las (ug/llas (ug/Las (ug/las (ug/Las (ug/Las (ug/Las  (uglLas (ug/Las  (ug/L (ng/l  (ug/L as ) L th L elfy'eng chioride Atrazine Oryzalin Promet Simazi i
feet above ofwell (feetbelow sampled (feetbelow  tance atu as Ca as Na as K as SO as Cl) (mg/L) (pCilL) as N) as N) as P) as C) . L p Hg (ug/ll)  methane (ng/L) methane  methane butyl ether /L) ethylene  ethene ethane ethyl th ; v eton, imazine Tebuthiuron
(fig. 4) number (sea level)  (feet) land surface) land surface) (uS/cm) units) (°C) gLy ) asMg) ) ) 4) (mg/L) as U) as N) as N) as P) (fig. 4) Al) As) B) Ba) Be) Cd) Cr) Co) Cu) Fe) Pb) Li) Mn) Mo) Ni) Se) as Sr) asV) Zn) (fig-4) (ng/L) (no/L) (ng/L) (ng/h (ko) gg/L) R (u‘s,J/L) (ng/L) (ugiL) e(ugl?-?e m(ig/i?e (fig? 4) (hg't) (uglt) (ng/L) (ug/L) (hoL)
1 361425115061901 1,919 84 80-84  08-20-93 62.60 1,400 7.6 25.0 5.9 1 J4 120 13 35 184 224 =5 340 170 922 878 500 = 1 0.76 <0.01 0.03 <02 <0.01 <0.01 0.5 1 - 32 180 <1 <10 = <10 <5 <5 <40 18 19 <50 <30 = 2,200 7 <10 1 <02 <02 <02 <0.2 <02 <0.2 <02 <2 1 <0.2 <02 <02 <02 <02 1 <0.001 <0.019 <0.018 <0.005 <001
2 361212115065901 1,910 46 43-46  08-22-93 27.40 600 75 23.0 39 2 60 34 7.1 2.3 246 300 o 67 11 347 351 230 = 2 38 <01 01 <2 <01 <01 3 2 = 2 35 180 <1 <10 = <10 <5 <5 <40 12 4 <50 <30 2 710 <5 <10 2 <2 <2 <2 <2 <9 <2 <2 <2 2 <2 <2 <2 <2 <2 ) <.001 <019 <018 005 01
3 361102115083601 2,010 15 11-15  08-23-93 9.16 2,390 7.1 21.5 4 3 160 140 110 32 294 359 - 720 170 1,830 1,550 610 = 3 43 03 26 5 07 .06 1.9 3 = e 710 31 <1 <10 .= <10 <5 <5 <40 52 120 <50 <30 = 5,100 <5 <10 3 <2 %0 3 <2 <2 <2 2 2 <1 4 <2 <2 <2 <2 3 <001 <019 <018 :.005 :'01
4 361102115083602 2,010 33 28-33 08-23-93 10.01 2,390 7.1 21.5 4 4 100 140 100 20 237 289 - 720 150 1,550 1,400 420 - 4 7.3 .02 .03 <2 .02 <01 1.0 4 - = 600 17 <1 <10 o <10 <5 <5 <40 29 10 <50 <30 - 2,200 <5 20 4 <2 29 1.6 <2 <2 <2 <2 <2 <1 8 <2 <2 <2 <2 4 <001 <019 <018 <005 <01
5  361053115120501 2’000 33 27-31 08-22-93 9.60 1,600 7.3 20.0 3.0 5 170 110 50 5.5 220 268 - 430 140 1,130 1,060 230 7.0 5 6.2 <.01 .02 <2 <.01 <.01 11 5 3 2 94 43 <1 <10 1 <10 <5 <5 <40 13 <2 <50 <30 12 1,200 <5 <10 5 <2 <2 <2 <2 <) <2 <2 <2 2 <2 <2 <2 < <'2 5 <.0()1 <.019 <‘01g <'005 <'01
- ) 31 480 99 910 873 = = 6 052 02 04 3 <01 <01 1.0 6 - - 200 39 <1 <10 s <10 <5 <5 50 18 <2 <50 <30 = 1,100 7 10 : ' ' ' ' '
20-40  08-23-93 12.53 1290 102 21.0 6 190 4 46 13 35 0 . < 6 <2 <2 . <2 <2 <2 <2 2 1 ) : i :
g gg(l)g;t} }g} } ;Zg i %ig(s) ‘1‘2 e i o3 5320 P 195 & 7 330 40 370 34 389 475 = 2,100 460 1,740 4,050 370 - 7 41 01 05 2.1 <01 <01 17 7 a0 460 28 <1 <10 - <10 <5 352 <40 59 230 <50 <30 8 6,200 <5 20 7 <2 <2 1.2 <2 <2 <2 3 :.2 :1 <.3 Z% :% :% :% g :881 :g}g :gig :'882 :8}
8 360937115113402 2,158 35 30-35 08-17-93 8.10 2,300 6.2 18.5 . 8 180 160 140 8.2 445 543 = 820 120 4,660 1,690 250 - 8 7.9 .06 02 3 01 <01 2.1 8 - 750 17 <l <10 = <10 <5 94 <40 24 15 <50 <30 - 1,400 <5 20 8 <2 <2 2 ) <2 <2 =0 <2 1 1.3 <2 =0 <2 ) 8 <001 <019 <018 <005 <01
9 360837115095501 2,010 22 1822 08-21-93 7.70 3,100 7.0 23.5 1.7 9 210 260 160 32 308 376 = 1,390 180 2,650 2,460 500 - 9 3.1 <01 02 <2 .02 <01 1.6 9 - = 520 12 <1 <10 = <10 <5 <5 <40 100 3 <50 <30 - 5,600 <5 <10 9 2 9 12 9 <2 <2 <D <2 p) 89 4.5 37 19 25 9 <001 <019 <018 <005 01
10 360852115060901 1,825 25 20-25  08-20-93 6.86 5,550 7.1 24.0 4 10 440 340 520 52 227 277 - 2,500 430 4,860 4,480 290 - 10 2.3 02 04 2 <01 <01 2.7 10 2,000 27 <1 <10 = <10 <5 530 <40 150 95 100 <30 z 6,100 <5 40 10 <2 <2 <2 <2 <2 <2 <2 13 1 <2 <2 <2 <2 <2 10 <001 <019 <018 022 :'01
- A = 2,420 370 = 11 1.6 <01 15 <2 08 .08 34 11 - 320 18 <1 <10 = <10 <5 59 <40 32 7 <50 <30 = 2,200 5 10 ‘ ' '
11-15  08-22-93 7.09 2970 75 23.0 2.9 11 230 240 150 21 195 238 1,400 210 ] ; < 11 <2 <) =2 <2 38 <2 <2 2 2 j :
12 Sesaoiisoessol 2008 23 2125  08-22:93 1186 3400 69 230 - 12 340 300 160 27 289 353 - 1700 200 3,110 2,940 -- - 12 58 02 03 <2 <01 <01 24 12 - 520 13« <10 - <10 <S5 <S5 0 47 41 <50 a0 - 5,400 <s 20 12 <2 <2 2 <2 <2 <2 DAY = 2 = = 5 = 12 b priv o . N
13 360921115093601 2,047 17 13-14  08-21-93 8.66 4,650 6.9 225 2.0 13 450 410 210 45 303 370 - 2,400 240 4,620 3,990 440 - 13 10 <01 06 2 01 <01 2.7 13 = - 1,700 21 <1 <10 - <10 <5 <5 <40 130 12 <50 <30 - 8,700 <5 <10 13 <2 <2 2.1 <2 <2 <2 <2 <2 2 22 <2 <2 <2 <2 13 <.001 <019 011 <.005 <01
14 360908115122401 2,209 27 2227 08-24-93 18.04 2,900 7.1 23.0 3.5 14 260 210 170 13 256 312 2t 1,300 190 2,390 2,320 440 = 14 3.1 02 02 <2 <01 <01 2.5 12 - o 938 17 <1 <10 = <10 <5 47 <40 51 11 <50 <30 = 2,100 <5 <10 14 <2 <3 4 <2 <2 <2 <2 <2 <1 <2 <2 <2 <2 <2 14 <001 <019 <018 <005 <01
e e 2075 o1 5124 08.18.93 700 2930 7 25.0 31 15 230 180 140 35 200 244 = 1,300 230 2,470 2,260 690 = 15 8.7 <01 03 4 <01 03 1.5 1 . = 7 17 <1 <10 = <10 <5 <5 <40 67 <2 <50 <30 2 2,800 <5 <10 15 <2 <2 5.2 <2 <2 2 <2 <2 1 <2 <2 5 < <2 15 <001 080 <018 015 <01
220 240 16 203 248 - 1,600 250 2,970 2.820 570 15 16 12 <01 03 <2 <01 03 1.3 16 " <1 710 9 <1 <10 *20 <10 <5 <5 <40 38 <2 <50 30 %36 3,100 <5 <10 ’ '
0735115105201 2,120 45 41-45  08-18-93 8.70 3,470 7.0 23.5 3.9 16 350 A 16 <2 <2 24 2 <2 5 <2 a5 3 26 <2 <2 <2 6 ’ . ;
ig 2206?1?31 15084901 2,030 15 10-15  08-23-93 8.40 4,050 7.0 24.5 1.6 17 500 260 260 32 250 305 - 2,100 230 3,820 3,600 470 2 17 5.9 05 .05 2 <01 <01 3.6 17 = Lo 1200 14 <1 <10 L= <10 <5 <5 <40 170 230 <50 <30 - 8,000 <5 <10 17 <2 <2 <2 <2 <2 <2 < 4 1 <2 <2 <2 <2 <2 13 ) 88515 : 813 <'8(1)g Z'ggg <'8§5
. - e S oper 449 69 iy i 18 530 260 330 30 247 301 N 2.200 280 4190 3.840 450 35 18 37 <01 06 3 01 <01 33 18 5 %29 1500 10 <1 <10 <2 <10 <5 <5 <40 190 2 <50 <0 b2 9,000 <5 <10 18 <2 <2 <2 <2 <2 <2 <2 <2 <1 <2 <2 <2 <2 <2 18 045 <019 004 <005 01
19 360617115063801 1,950 24 20-24  08-17-93 13.79 4,920 7.3 23.0 = 19 470 330 410 24 195 238 = 2,800 290 4,620 4,470 400 - 19 4.0 <01 .04 <2 <01 <01 1.8 19 B 0 1800 8 <1 <10 e <10 <5 <5 <40 160 4 <50 <30 34 6,500 <5 <10 19 <2 <2 5.6 <2 <2 <D <2 <2 1 <2 <2 <2 <2 <2 19 <001 <019 <018 <005 <’o1
o 2 B e il e 4E0 7 e S0 0 40 320 410 25 195 238 N 2400 240 4,570 4,020 460 56 20 33 <01 04 <2 <01 <01 17 20 6 8§ 2.000 11 I <10 < <10 <5 s 40 170 8 <50 B0 g 7,100 <5 <10 20 <2 <2 15 <? <2 2 <2 4 1 <z <3 7 @ <d <2 20 <001 <019 <018 <005 <ol
21 360522115072101 2,010 30 2630 08-21-93 16.75 2540 7.0 21.0 43 21 40 210 260 Jo 194 2(3)7 - al,ggg a;gg g,ggg 2,3(1)8 ggg = %; fl%(s) <.81 .gi g -8; <.8} % (1) gé 710 16 <} <}8 - <10 <5 35 <40 61 120 <50 <30 - 4,400 <5 20 21 <2 232 6.3 <2 <2 &2 2 %2 1 <2 <2 <2 <2 ) 21 <.001 <019 <018 <.005 <01
22 360821115025001 1,708 49 4449 082493 19.78 3950 72 19.0 1 22 370 250 320 31 169 203 - 1, o o e 4 - : I by o 2 i < 20 o s " o Ao - <10 <5 ~ <40 ~- - <50 <30 - - - - 22 <2 <2 <2 2 <2 < <2 7 <1 <2 %2 <2 <2 <2 2 026 <019 <018 <.005 <01
23 360744115050801 1,730 11 7-11 08-18-93 8.33 5,540 6.9 25.0 2.1 23 480 330 330 73 264 322 2,800 530 5, ; = 3 : <01 ! j <01 . . 3 L0 < < = <10 <5 35 <40 140 8 60 <30 = 8,900 7 <10 23 <2 <2 4 <2 <32 <2 <2 2 3 <2 <2 <2 <2 <2 23 <.001 <019 <018 <.005 <01
24 360621115055901 1,938 30 2430 08-24-93 17.89 5,950 7.0 22.0 9 24 500 530 420 37 216 264 = 3,800 260 5,820 5,700 440 - 24 2.7 <01 04 <2 02 <01 2.2 2 Lo 1; <1 <10 <10 <5 12 <40 180 4 <50 <30 - 5,600 <5 <10 24 <2 <2 9 <2 <2 <2 <2 <2 <1 <2 <2 <2 <2 22 24 <.001 <019 <018 <005 <01
25 360605115052501 1,912 24 19-24  08-19-93 18.15 6,040 7.0 24.0 23 25 470 400 410 56 182 222 - 3,500 480 6,010 5,460 280 = 25 8.3 01 07 3 <01 <01 3.8 - . J <1 <10 <10 <5 <5 50 280 6 <50 <30 = 7,200 <5 <10 25 <2 <2 5.1 <2 <2 <2 <2 <2 1 <2 <2 <2 <2 <2 25 <.001 <019 018 <005 <01
26 360647115044001 1,768 25 20-25  08-21-93 9.47 3,650 7.0 23.0 = 26 310 190 aggo ag ; %(1)2 %2 - a; ,23488 ag}g ;,858 i,ggg 228 - gg 451.431 <.8} .8461 .Azt <.gi <'8i }2 %g - -~ 1,300 12 <i <i 8 - <}8 <§ <5 <40 220 <2 <50 <30 7,600 <5 <10 26 <2 <2 1.7 Z9 <2 <2 <2 <2 1 <2 <2 <2 <2 <2 26 <.001 <019 065 <.005 <01
| % -24.- . J 510 250 0 == » ) ) = b <. ] <. < < ! == - == < < 7= < < - - - - <50 <30 - == = ez 27 2 ) 4 . . . . . . 1 d i ‘ ;
27 360547115045401 1,829 30 19-30  08-24-93 10.40 4,600 6.9 235 2.8 27 a <. < 1 <2 < <2 <2 <2 1 < =9 <2 <2 26 27 <001 o1 . .
% 3Eneol1Ta0a20] = 9 1419 08.19-93 775 5400 71 275 P 28 460 270 460 45 198 242 - 2,300 1,000 4,360 4,700 500 . 28 90 02 .08 <2 02 02 ki 28 ; L 1300 14 <1 <10 5= <10 <5 12 <40 370 6 <50 <30 - 7,000 <5 30 28 < <2 2 <2 <2 <2 <2 <2 2 9 <2 <2 <2 <2 28 <.001 Z 813 : 812 : ggg :8}
29 360535115050901 1.872 18 14-18 08-19-93 6.20 5,570 7.1 24.0 2.7 29 540 360 420 33 201 245 - 3,000 510 5,060 5,020 450 27 29 4.8 <01 .06 <2 <01 <01 1.4 29 6 17 2,300 8 <1 <10 <3 <10 <5 <5 60 190 3 <50 <30 P48 7,300 <5 <10 29 <2 <2 1.8 <2 <2 <2 <2 &2 1 4 <2 <2 <2 <2 29 <001 <019 <018 <005 <01
30 360547115052801 1,919 29 2429  08-20-93 16.24 4,650 7.2 22.0 35 30 430 340 210 36 157 192 = 2,400 370 4,480 3,920 400 = 30 12 <01 04 <7 <01 <01 1.7 30 —~ 2,600 8 <1 <10 = <10 <5 <5 <40 160 3 <50 <30 = 6,000 <5 <10 30 <2 <2 2.8 <2 <2 < <9 <2 ) oh o5 <2 e <2 30 <001 <019 <018 <005 <01
40 400 380 45 183 223 = 2,800 520 == 4,840 - - 31 6.0 <01 06 2 <01 <01 1.5 31 o= . 1,900 8 <1 <10 - <10 <5 <5 <40 180 <2 90 <30 - 6,800 <5 <10 3
31 360537115053701 1,912 23 17-23  08-19-93 10.33 5,600 7.1 21.0 32 31 5 , 1 <2 <2 2.5 <2 <2 <2 <2 <2 1 6 <2 <2 <2 <2 31 <.001 019 01 ;
32 360401115082301 2,086 60 55-60  08-16-93  30.01 1,830 67 23.0 3.9 32 240 100 52 9.0 162 197 - 770 74 1,490 1,360 380 == 32 39 <.01 04 2 <.01 01 6 32 " 200 10 <1 <10 - <10 <5 <5 <40 52 <2 <50 <30 - 2,600 <5 <10 32 <2 <2 <2 <2 <2 €2 <2 <2 4 <2 <2 <2 23 <2 32 <.001 <019 :.812 :.882 :.g}
2 Analysis by U.S. Geological Survey, National Water Quality Laboratory, Arvada, Colo. 2 Analysis by U.S. Geological Survey, Geologic Division, Branch of Geochemistry.
b Analysis by U.S. Geological Survey, National Water Quality Laboratory, Arvada, Colo.
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